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Abstract: The propagation characteristics of the surface-plasmon-polariton (SPP) mode in the single 
interface of silver (Ag) and gallium lanthanum sulfide (GLS) have been studied both analytically and 
numerically. The obtained numerical results show an excellent agreement with the analytical ones. 
The locations of the spatial resonance point along the direction of propagation were determined for 
the dielectric and the metal. 
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1. Introduction 
In the past few years, research interest in the 
field of plasmonics has increased significantly due 
to the potential application in sensing, 
communications, computing, and imaging [1–3]. 
The enhanced propagation of the surface-plasmon- 
polariton (SPP) can be a pioneering step towards the 
miniaturization of integrated photonic devices. 
Recently, chalcogenide glasses have drawn more 
attention of the researchers because of their 
photosensitivity to the visible light and transparent 
behavior in the mid-infrared region of the 
electromagnetic spectrum [4]. They provide strong 
confinement and dispersion which enhance the SPP 
propagation distance as well as the signal strength. 
R. Ahmad et al. [5] demonstrated an optical 
parametric oscillator (OPO) based on the 
chalcogenide glass that holds promise for realizing 
mid-infrared OPOs employing currently available 
optical sources in the optical communication 
wavelength region. T. North et al. [6] reported the 
fabrication and characterization of a pulsed fiber 
ring laser based on the chalcogenide glass. A. 
Al-kadry et al. [7] reported the generation of a 
broadband supercontinuum in chalcogenide wires by 
avoiding the two-photon absorption effects. P. 
Kumar Maharana et al. [8] proposed a method for 
the electric field enhancement in the surface 
plasmon resonance bimetallic configuration based 
on the chalcogenide prism. 
Herein, we provide a detailed investigation into 
SPP propagation characteristics in the single 
interface of Ag and gallium lanthanum sulfide 
(GLS). The properties we have studied are the SPP 
wavelength, penetration depth into both Ag and GLS 
layers, and electric field strength at different 
distances from the interface for different 
wavelengths of the input signal. Numerically 
obtained results have been compared with the 
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analytical results, and an excellent agreement has 
been observed. To the best of our knowledge, this is 
the first time one has analyzed the propagation 
behavior of the SPP mode in the single interface of 
GLS and Ag. 
2. Material models 
The frequency dependent permittivity function 
of the second order single pole-pair Lorentz model 
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where  is the infinite frequency relative 
permittivity, s is the zero frequency relative 
permittivity, j is the imaginary unit,  is the 
damping co-efficient, and o is the frequency of the 
pole pair. 
The frequency dependent permittivity function 
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where p is the plasma frequency, i  is the 
damping frequency, if  is the oscillator strength, j 
is the imaginary unit, and oi is the resonant 
frequency. 
The second order single pole-pair Lorenz model 
has been used to model GLS, and the 6-pole 
Lorentz-Drude model has been used to model Ag. 
The modeling parameters for the materials have 
been obtained from different resources. For Ag, we 
used the parameters obtained by Rakic et al. [9], and 
for GLS, we used the parameters determined by R. 
H. Sagor [10]. 
3. Methodology of analysis 
A two-dimensional simulation model has been 
developed based on the finite-difference 
time-domain (FDTD) [11] algorithm in order to 
simulate the glass-metal structure. The original 
FDTD algorithm formulated by Yee does not 
account for the frequency dependent permittivity of 
the materials. Therefore, we used the auxiliary 
differential equation (ADE) based general FDTD 
algorithm in order to incorporate the frequency 
dependent dispersion property of the materials. This 
algorithm can handle the case when there are 
materials with different dispersion properties. The 
perfectly matched layer [12] is also used in order to 
avoid reflection of incident waves from the 
boundaries. 
Considering the material dispersion, the 
frequency-dependent electric flux density can be 
given as 
( ) ( ) ( )oD E P      .           (3) 
The general Lorentz model is given by 
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                (4) 
which can be written in time-domain through the 
inverse Fourier transform as 
( ) '( ) ''( ) ( )bP t cP t dP t aE t   .        (5) 
The FDTD solution for the first order 
polarization of (5) can be expressed as 
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The values of 1C , 2C , and 3C depend on the 
material under consideration. 
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where 1nD   is the update value of the electric flux 
density calculated using the FDTD algorithm. 
4. Specification of the structure 
The single interface glass-metal structure that 
was used for simulation is given in Fig. 1. The width 
of the Ag layer is taken as 500 nm, and a 500-nm 
cladding of the GLS glass is given on the top of Ag. 
The step size is taken as 2x  nm, 2y  nm, 
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where c is the speed of light and taken as 
8 13 10 msc  . We found it sufficient to satisfy the 


















Fig. 1 Structure of the single interface used for simulation. 
5. Results and discussion 
The SPP wavelength is given by 
' '
SPP ( )o d m d m                (8) 
where o  is the free space wavelength, d  is the 
real part of the complex relative permittivity of the 
dielectric, and 'm  is the real part of the complex 
relative permittivity of the metal. In Fig. 2, the plot 
of the normalized SPP wavelength obtained by using 
both equation and simulation has been given, and we 
can observe a very good agreement between both 
the results. 


















Fig. 2 SPP wavelength calculated analytically and 
numerically. 
The equation for the penetration depth into the 
dielectric and metal are given by 
0.5' 21 ( )d o d m dk                (9) 
0.5' 21 ( )m o d m mk               (10) 
where 2o ok    is the wave-vector for light in 
the free space. The plot of the penetration depth into 
silver and GLS layers obtained both analytically and 
numerically is given in Fig. 3 which shows a quite 
good agreement. 
The penetration depth in GLS is higher than that 
in the metallic layer. This happens because the SPP 
mode field attenuates more in the metal, and the 
dissipated energy is transformed into heat. 
The minor disparity between the numerical and 
analytical results in Figs. 2 and 3 can be attributed to 
the difficulty in determining the exact location 
where the SPP gets matured. Also, in the simulation 
model, the material defining parameters are not 
100% accurate. 





























































Fig. 3 Field penetration depth into (a) Ag layer and (b) GLS 
layer. 
The variations of the electric field strength in the 
y-direction in both silver and GLS are presented in 
Fig. 4. For Ag, we recorded the electric field from  
5 nm to 30 nm in the step of 5 nm in the y-direction, 
and for GLS, we recorded from 10 nm to 60 nm in 
the step of 10 nm for different input signal 
wavelengths. It can be observed that the electric 
field strength decreases as we go away from the 
interface, and the amount of decrease is more in the 
case of Ag. This is the reason why the SPP mode 




field decreases exponentially in strength as one goes 
further from the interface in the y-direction. This 
happens due to the skin effect of the SPP mode in 
the Ag and GLS layers. The resonance mode is also 
clearly visible in Fig. 4 with peak amplitudes 
centered at the input signal wavelength of 525 nm. 
 



























































Fig. 4 Electric field strength as a function of the distance   
(a) in Ag layer (b) in GLS layer. 
The electric field distribution in the Ag-GLS 
interface has been given in Fig. 5. 
 



























Fig. 5 Electric field distribution in the single interface of Ag 
and GLS. 
6. Conclusions 
The propagation characteristics of the SPP mode 
in the GLS-Ag interface have been presented. The 
SPP wavelength and penetration depth have been 
determined using both simulation and analytical 
equations, which have the good agreement. The 
electric field strength decreases exponentially in the 
y-direction which is also consistent with the 
theoretical results. This analysis will be helpful in 
the fabrication process of highly integrated photonic 
devices using GLS. 
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